Abstract. Many biogas plants used corn silage and grain processing (dryers) residues as a raw material. Hydraulic retention time working with such raw materials is relatively long and requires large volumes of bioreactors. Variety of additives can be used to improve the anaerobic digestion process. This article shows the results of the study where the enzyme mixture and catalyst Metaferm are used for the digestion process echancement. Corn silage and grain processing residues were digested in 0.72 l bioreactors at temperature 38 o C in the batch mode process. 2 biorectors were for control purposes and contained inoculums only. The other 14 biorectors contain biomass substrates without/with added enzyme mixture or catalyst Metaferm. Addition of enzyme mixture (0.5 g) in bioreactors with corn silage or grain processing residues increases the average methane yield by 7.76 % or 4.48 % respectively. Addition of catalyst Metaferm (1 ml) into bioreactors with corn silage or grain processing residues increases the average methane yield by 1.79 % or 6.72 % respectively.
Introduction
The need to develop and improve sustainable energy resources is considerable due to the finite nature of our fossil fuels. Recent modification of laws, development of technologies and business movement have encouraged the transition to a recycling-based society. Today's economy and technologies largely depend upon energy resources that are renewable as well as eco-friendly. Biogas is an environment friendly, economic and alternative mean to substitute the fossil fuel. Bacteria and enzymes play the leading role in anaerobic digestion (AD) and they are essential for efficient process [1] [2] [3] .
Commonly used substrates for biogas production include industrial waste, agricultural wastes, dairy and pig-breeding waste, e.g., fodder residues and manure, and energy crops, e.g., corn and grasses. However, some substrates can be degraded (so biogas is produced) very slowly because: the molecular structure of biomass is poorly accessible to microorganisms and their enzymes (for instance, because of their highly crystalline structure or due to the small surface area available). In substrates for biogas production, the main sources of methane are sugars and other small molecules. In the plant (lignocellulosic) substrates such mall molecules come from the breakdown of starch, cellulose and hemicellulose. While starch (α-1-4 linked D-glucose) is relatively easy and quick to break down biologically, cellulose (β-1-4 linked D-glucose) and hemicellulose (a polymer of various sugars and uronic acids) retaining the structure of the plant, are characterized as difficult and slowly degradable biomass. The breakdown of cellulose and hemicellulose is further complicated by the bonds between different cellulose chains and by the presence of lignin, another polymer, which slows down the breakdown process. It is generally believed that lignin cannot be degraded by anaerobic bacteria, although this has been challenged [4] and may even inhibit the degradation of other substances like cellulose. Pectin also affects breakdown, binding cellulose fibrils together and binding plant cells together [5] . Breaking down this lignocellulose complex is very important for biogas production [6] . A number of authors [4; 7; 8] have reported significant improvement in biogas production when crude and commercial enzymes are used in the pre-treatment of complex organic matter.
There have been studies on the improvement of biogas production from lignocellulolytic materials, one of the largest and renewable sources of energy on the earth, after pre-treatment with cellulases and cellulase-producing microorganisms [4] . Enzymes that break down biomass are already present in anaerobic digesters as they are produced by the microorganisms of anaerobic digestion. To enhance this breakdown, a mixture of enzymes can be added and may include cellulose-, hemicellulose-, pectin-and starch-degrading enzymes.
The addition of enzymes into substrates for anaerobic digestion has been evaluated in many different studies. There is some evidence to suggest that enzymes added directly to the biogas reactors have no significant effect [9] and are degraded quickly after addition [10] . Several batch anaerobic digestion studies have indicated that the addition of enzymes to the first stage of a two-stage anaerobic digestion process leads to slightly higher substrate solubilisation (leading to higher biogas yield), such as with addition of cellulases on grass [11] or with cellulosic enzyme cocktail on wheat straw [12] .
Some studies showed that enzymatic pre-treatment in a dedicated vessel leads to higher substrate solubilisation or biogas yields in batch AD tests, for example, with pectinase on hemp [13] or various agricultural residues with a cellulolytic enzyme cocktail [14; 15] The effects of the addition of enzyme products containing cellulase, hemicellulase, and β-glucosidase to anaerobic digestion systems were studied using JoseTall Wheat Grass (wheat grass) as a model substrate. Anaerobic digestion tests were performed using batch reactors operated at 50 ºC. The enzyme products showed positive effects on the solubilization of wheat grass when used alone to treat wheat grass. However, there were not found significant differences in biogas and methane yields and volatile solids reduction when the enzyme products were tested in the AD systems. This reveals that the microorganisms present in the inoculum were effective in carrying out the digestion of wheat grass [11] .
Small increases in biogas yield were seen with continuous anaerobic digestion of different agricultural residues pre-treated in a dedicated vessel [16] . A study by a Swiss [17] group looked at the effect of 25 different commercially available enzyme preparations including enzyme mixtures marketed to biogas plants as well as pure enzymes normally marketed to other industries. They found that the effect of enzymatic pre-treatment on biogas yield from sludge and manure was minimal and speculated that this was because the enzymes were being degraded by the native microorganisms. Some of the enzyme products increased the biogas yield by around 10 % in grass silage and green waste silage in batch tests. These enzymes also increased the methane concentration in the gas produced in the first week. However, the authors note that the enzyme dosage was so high that it is unlikely to be economically feasible.
The aim of this study was to evaluate the biogas and methane production from corn silage and grain residues, to justify whether the addition of biocatalyst Metaferm and enzyme mixtures into substrates can cause any positive effect.
Materials and methods
Before fermentation, the raw material (corn silage and grain residues) samples were analysed for dry matter and organic matter content. The data were used for calculation of organic load rates.
Enzyme FM is the mixture of enzymes cellulase, b-glikonase and xilanase, containing essential elements for the anaerobic fermentation process advancement. Metaferm is an innovative catalyst for enhancement of the AD process. Metaferm contains multiple ferments, micronutrients, and B-group vitamins. The true composition of enzyme mixture or biocatalyst Metaferm is not known due to the proprietary rights of the producing company.
The widely applied methods were used for the AD process investigation [9] in 16 experimental bioreactors with volume of 0.72 litres. 2 bioreactors for control were filled with 500.0 ± 0.2 g inoculums and the rest bioreactors were filled with mixtures of inoculums (500 g), added biomass (15 ± 0.005 g), enzyme mixture FM or catalyst Metaferm, according to the experimental plan, see Table 1 .
Dry organic matter (DOM) content was determined by weighting of the initial biomass samples, dried in the thermostat at 105 ºC and placed for ashing in the oven ("Nabertherm" type) at 550 ºC. All the components were carefully mixed together and filled in the bioreactors. All bioreactors were placed into the heated thermostat at the same time before starting of anaerobic digestion. Gas released from each bioreactor was collected in a storage bag positioned outside the container. Gas volumes were measured using the flow meter (Ritter drum-type gas meter). The composition of gases, including oxygen, carbon dioxide, methane, and hydrogen sulphide was measured by help of the gas analyser (model GA 2000). The substrate pH value was measured before and after finishing the AD process, using a pH meter (model PP-50) with accessories. Scales (Kern, model KFB 16KO2) was used for weighting of the total weight of substrates before and after the AD process.
Fermented cattle manure (from 120 l bioreactor working in continuous mode) was used as the inoculum. The batch mode AD process was ongoing at temperature 38 ± 0.5 ºC. Biogas released was collected in gas bags for further measurements of the gas volume and elemental composition. Biogas and methane volumes and the gas composition were measured during the AD process at regular time intervals. The AD process was provided until biogas emission ceases. The obtained experimental data were processed using appropriate statistical methods.
Results and discussion
The results of investigation of sample substrates, including inoculums, corn silage and grain residues with and without enzyme mixture and Metaferm, before starting the AD process, are shown in Table 1 . 
IN -inoculum; CS -corn silage; FM -enzyme mixture; GR -grain residues; ASH -ashes; TS -total solids; DOM -dry organic matter (on raw substrate basis); R1-R16 -bioreactors.
The digestate (finished cow manure) with very low organic matter content serves as an inoculum for providing of the AD process. Generally the AD process ceases in such inoculums alone, but there are still enough numbers of live bacteria to provide rapid degradation of the new portion of the organic matter included in substrate at the start of the AD process. Composition of corn silage (CS) used in this study was not the most successful choice as the dry matter content was less than optimal. The grain residue (GR) composition from various biogas plants tends to be very different. In this study the grain residue biomass has relatively high humidity (52.9 %) that can be explained by the fact that the sample was taken from real biogas producing plant just before GR filling into the digester and GR were partly saturated with silage effluent or liquid fraction of digestate. Such the moistening procedure of grain residues in a real biogas plant is provided in order to obtain partly saturated GR reducing the chaff rise towards the upper layer of the bioreactor.
The biogas and methane yields from bioreactors R2-R15 with added biomass are shown in Table 2 and Fig. 2 with already subtracted average values of biogas and methane obtained from control reactors R1 and R16 filled with pure inoculum.
The production of biogas and methane from corn silage and grain residues with and without enzyme mixtures and Metaferm from control reactors is presented in Table 2 . 
DOM -litres per 1 g dry organic matter added (added fresh biomass into inoculums).
Average methane content in biogas for corn silage and grain residue samples with and without enzyme mixture and catalyst Metaferm is shown in Fig. 1 . The methane content in biogas obtained from all bioreactors with added enzyme mixture or Metaferm was higher compared to the bioreactors without them (Fig. 1) . Higher methane content can be explained by the fact that both enzyme mixture and Metaferm improve bioconversion of raw materials. Surprisingly that higher increase of methane content was obtained from substrates with Metaferm addition compared to the methane content increase obtained from the samples with enzyme mixture addition. Increasing the methane content in biogas can lower carbon dioxide emissions and improve the efficiency of cogeneration engines.
Specific average biogas and methane production yields (l·g (Table 2 and Fig. 2 ) the average data calculated for all bioreactors containing corn silage biomass. The specific methane yield was higher (7.76 %) from the samples provided with mixture of enzymes, and only slightly higher (1.79 %) from the samples with 1 ml Metaferm. The specific methane yield was higher (4.48 %) from the samples provided with mixture of enzymes and higher (6.72 %) from the samples with 1 ml Metaferm. Comparison of the obtained results with other researcher's data would not be correct, as the additive used in this study has original composition composed for specific corn silage and grain residue biomass in Latvia and was utilized for the first time for the given biomass. DOM or by 4.48 % higher compared to that obtained from grain residues without added enzymes. 4. Specific methane yields from bioreactors with grain residues with Metaferm (1 ml) was 0.286 ± 0.02 l·g -1 DOM or by 6.72 % higher compared to that obtained from grain residues without added Metaferm. 5. Average methane content in biogas increases by 0.70 % or 0.84 % if enzyme mixture was added to corn silage or to grain residues, respectively. 6. Average methane content in biogas increases by 0.84 % or 0.9 %, if enzyme mixture was added to grain residues. 7. The investigated increase of the average specific methane yield or methane content caused by addition of enzyme mixture or catalyst Metaferm to corn silage or to grain residues is relatively low, and further investigations should be performed for every case, based on the individual substrate, anaerobic process conditions and desired criteria of effectiveness.
